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Abstract. We present a mechanism for the dark matter stability in the framework of a 
non-Abelian flavour symmetry renormalizable model. The same non-abelian discrete flavor 
symmetry which accounts for the observed pattern of neutrino oscillations, spontaneously breaks 
to a Z2 subgroup which renders DM stable. The simplest scheme leads to a scalar doublet DM 
potentially detectable in nuclear recoil experiments, inverse neutrino mass hierarchy, hence a 
neutrinoless double beta decay rate accessible to upcoming searches. 



1. Introduction 

Non-baryonic Dark Matter (DM) is one of the most compelling problems of modern cosmology. 
Despite the fact that its existence is well established by cosmological and astrophysical probes, 
its nature remains elusive. Still, observations can constraint the properties of dark matter and 
give some hints about its identity. For instance, a fundamental requirement for a viable dark 
matter candidate is the stability over cosmological times. This suggests the existence of an exact 
or slightly-broken symmetry protecting or suppresing its decay. 

It has been shown recently that such symmetry can also be related to the flavor structure 
of the Standard Model pQ. The model proposed in [1] is based on a A4 symmetry with four 
SU{2) Higgs doublets. After the electroweak symmetry breaking, the A4 (even permutation of 
four objects) group is spontaneously broken into a Z2 subgroup which is responsible for the DM 
stability. The leptonic sector is also extended. It consist in four right handed neutrinos and the 
light neutrino masses are generated through the type-I seesaw mechanism and obey an inverted 
hierarchy mass spectrum with m Vz — and vanishing reactor angle 13 = 0. 

We have also been consider models with a different matter content for the right handed 
neutrinos with the same DM stability mechanism but with different neutrino phenomenology [2] 
or a model based on the dihedral group D4 where the some flavour changing neutral currents 
are present and constraint the DM sector [3]. Other models with flavor symmetries but with 
decaying DM have also been considered, see for instance [4j [5]. For a model with stable DM 
but with the same behavior of the DM, in the sense that instead of being inert totally, the DM 
couples to some right handed neutrinos in a similar way in our modeP] see [6] . 



1 This afther the A4 is broken into the Z2 symmetry. 



2. The Model and DM stability 

The model consist on the SM matter fields plus three Higgs doublets which transform as a 
triplet under A 4 , and four right handed neutrinos transforming as a singlet and a triplet of the 
flavor group. In table [I] we present the relevant quantum numbers for the matter fields. The 
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Table 1. Summary of relevant model quantum numbers 



group of even permutations of four objects, A4, has two generators: and T, which obeys the 
properties S 2 — T 3 = (ST) 3 — I. S is a Z 2 generator while T is a Z 3 generator. A 4 has four 
irreducible representations, three singlets 1, 1', and 1" and one triplet. The generators of A 4 for 
each irreducible representation are 

1 S = 1 T= 1 / 1 \ / 1 \ 

V S = l T = uj 2 3: S= -1 T= 1 (1) 

1" s = 1 t = uo \ -1 / \ 1 o o / 

where u; 3 = 1. The Yukawa Lagrangian of the model is 

C = y e L e l c H + y^L^H + y T L T l c r H + +y u 1 L e (N TV ) 1 + y^L^N^ + 

+y^L T {N T ri)v + y 4 L e N 4 H + M r N T N T + M 2 N 4 N 4 + h.c. (2) 

This way i7 is responsible for quark and charged lepton masses, the latter automatically 
diagonaQ Neutrino masses arise from H and 77. One solution for the minimum of the Higgs 
potential [1] is 

(H°) = v h ^0, (77°) =v v ^0 (ml 3 ) = , (3) 

which means the vev alignment for the A 4 triplet of the form (77) ~ (1, 0, 0). This alignment is 
invariant under the S generatoij^j see eq. ([!]), which means that the minimum of the potential 
breaks spontaneously A 4 into a Z 2 subgroup generated by S. All the fields in the model singlets 
under A 4 are even under the residual Z 2 , the triplets transform as: 

Ni -> +7Vi , 7/1 +7/1 

N 2 -N 2 , m -T] 2 (4) 

N 3 -N 3 , 773 -773. 

The DM candidate is the lightest particle charged under Z 2 i.e. the lightest combination of the 
scalars 772 and 773, which we will denote generically by t]dm- We list below all interactions of 
Vdm- 

(i) Yukawa interactions 

Vdm ^2,3 , (5) 

where i = e, ^x, r. 

(ii) Higgs- Vector boson couplings 

VdmVdm ZZ > VdmVdm WW , W^3 W± ^ > W^3 W± > *7dm^2,3^ • (6) 

2 For quark mixing angles generated through higher dimension operators see reference [7]. 

3 if is in the 1 representation of A4 and its vev also respect the generator S. 
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Figure 1. Feynman diagrams for elastic scattering (left). Regions in the plane DM mass (MDM) 
- lightest Higgs boson MH allowed by collider constraints and leading to a DM relic abundance 
compatible with WMAP measurements (center). Spin-independent DM scattering cross section 
ofoff-protons as a function of the dark matter mass. The orange regions delimited by the 
dashed (solid) line show the DAM A/LIBRA annual modulation regions including (neglecting) 
the channeling effect. The green region corresponds to the COGENT data. Dashed and dotted 
red lines correspond to the upper bound from CDMS. XENON100 bounds are shown as a solid 
red line. 



(iii) Scalar interactions from the Higgs potential: 



Vdm A iMh , ri DM AiAzhi , 
Vdm MMh\ , Vdm A l A ^h , 
r] DM A 2 A^, r] DM h 1 h 3 h 

V DM VDM hh > V DM VDM h i h i • 



(7) 



After electroweak symmetry breaking, the vevs of the Higgs fields acquire vacuum expectation 
values, Vh and for the singlet and the first component of the triplet respectively. Additional 
terms are obtained from those in Eq. Q by replacing h — » Vh and hi v v . These vertices are 
relevant for direct detection [8J see Figure [lj The phenomenology of dark matter of this model 
has been studied in detail in [8J. The model accommodates WMAP and collider constraits and is 
consistent with XenonlOO and CDMS on one hand and CoGent or DAMA on the other hand [8], 
see Fig. [Tj 



3. Neutrino masses phenomenology 

The model contains four heavy right-handed neutrinos. It is a special case, called (3,4), of the 
general type-I seesaw mechanism[9j. After electroweak symmetry breaking, it is characterized 
by Dirac and Majorana mass-matrix: 
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(8) 



where xi, X2, x 3 and X4 are respectively proportional to y% and y\ of eq. ^ and are of the 

order of the electroweak scale, while Mi 5 2 are assumed to be close to the unification scale. Light 
neutrinos get Majorana masses by means of the type-I seesaw relation and the light-neutrinos 



mass matrix has the form: 



(y 2 ab ac \ 
ab b 2 be . (9) 
ac be c 2 J 

This texture of the light neutrino mass matrix has a null eigenvalue 777,3 — corresponding to 
the eigenvector (0, — 6/c, 1) T , implying a vanishing reactor mixing angle 6 is — and inverse 
hierarchy. The model implies a neutrinoless double beta decay effective mass parameter in the 
range 0.03 to 0.05 eV at 3 a, within reach of upcoming experiments. 



4. Conclusions 

We have studied a model where the stability of the dark matter particle arises from a flavor 
symmetry. The A4 non-abelian discrete group accounts for both the observed pattern of neutrino 
mixing and for DM stability. We have analyzed the constraints that follow from electroweak 
precision tests, collider searches and perturbativity. We have also analyzed the prospects for 
direct and indirect dark matter detection and found that, although the former already excludes a 
large region in parameter space, we cannot constrain the mass of the DM candidate. In contrast, 
indirect DM detection is not yet sensitive enough to probe our predictions. However, forecasted 
sensitivities indicate that Fermi-LAT should start probing them in the near future. 

All of the above relies mainly on the properties of the scalar sector responsible for the breaking 
of the gauge and flavor symmetries. The motivation of our approach is to link the origin of dark 
matter to the origin of neutrino mass and the understanding of the pattern of neutrino mixing, 
two of the most outstanding challenges in particle physics today. At this level one may ask 
what are the possible tests of this idea in the neutrino sector. We found an inverted neutrino 
mass hierarchy, hence a neutrinoless double beta decay rate accessible to upcoming searches, 
while 0i3 = giving no CP violation in neutrino oscillations. Note however that the connection 
of dark matter to neutrino properties depends strongly on how the symmetry breaking sector 
couples to the leptons. 
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